One oil sample isolated from aerial parts of Pulicaria mauritanica Coss. from Western Algeria has been analyzed by GC(RI), GC-MS and 13 C NMR. In total, 21 components, accounting for 97.0% of the oil, were identified. Then, 36 oil samples coming from plants harvested at two flowering periods in three locations were analyzed by GC(RI) and 13 C NMR. Although all the oil samples exhibited similar composition, dominated by carvotanacetone (89.2-96.1%), the yield of essential oil varied drastically from sample to sample (0.35-1.44%), depending on the location of harvest. The essential oil displayed moderate antimicrobial effect against bacteria, yeast and filamentous fungi (MIC = 2-4 µL/mL).
The genus Pulicaria (Asteraceae) consists of around 100 species with a distribution from Europe to North Africa, particularly around the Mediterranean basin, as well as in Asia [1] . Some plants within this genus are used as traditional herbal medicines to treat inflammation, back-pain, diarrhea, intestinal disorders; dysentery, menstrual cramps, gastro-intestinal tract pains and fever, and they are given to women after childbirth [2] . Phytochemical studies, reviewed by Liu et al [3] , revealed that Pulicaria species contain a large variety of compounds, including phenolic derivatives, monosesqui-, di-, and triterpenes, steroids and flavonoids. Various biological activities have been reported for some Pulicaria species, such as cytotoxic activity of P. crispa and P. orientalis [2b,4] , antimicrobial activity of P. undulata, P. dysenterica and P. odora [5] , antispasmodic activity of P. glutinosa [6] , and antihistaminic effect of P. dysenterica [7] . The chemical composition of the essential oils (EOs) from Pulicaria species has been investigated. Some recent results concerned: P. gnaphalodes (α-pinene, 1,8cineole) [8] , P. odora (isothymol, thymyl isobutyrate or thymol, isothymyl isobutyrate [5c,9a], and P. undulata (terpinen-4-ol, ciscalamenene or carvotanacetone [10] ). The antimicrobial activities of the EOs from several Pulicaria species have been investigated [5a,9] , as well as their antioxidant activity [10b].
Pulicaria mauritanica Coss., an herbaceous plant with a very strong odor characterized by a smell of camphor, is an endemic species to Morocco and Algeria [11, 12] . It is hairy or woolly plant with radial leaves (5-6 cm). Stems are branched and erect, carrying leaves corrugated at the margins. Flower heads, solitary, are fixed by long peduncles thickened at the top. The orange and shiny achenes are oblong [12] . P. mauritanica exhibits two flowering periods, in May and November. It is considered a medicinal plant in Algerian folk medicine. Indeed, in the area of Nâama, this plant is used in the treatment of intestinal disorders, headaches and is given to women after childbirth. Only a few studies have concerned the chemical composition of P. mauritanica EO. Indeed, as early as 1949, Gattefosse and Igolen mentioned the occurrence of a carvotanacetone-rich oil (81%). A similar composition has been recently reported (four samples, mean content of carvotanacetone: 87.3%), as well as the antifungal activity against three phytopathogens [13] . In contrast, concerning Algerian P. mauritanica the unique report concerned a root oil composition, dominated by thymyl derivatives (2,5-dimethoxy-p-cymene, 6methoxythymyl isobutyrate, 10-isobutyryloxy-8,9-dehydrothymyl isobutyrate and thymyl isobutyrate), and by neryl isobutyrate [14] .
Thus, the aim of our present work was to characterize the chemical composition of the EO isolated from aerial parts of plants of P. mauritanica growing wild in Nâama province (Western Algeria) and to check its antimicrobial activity: -First, the detailed analysis of a bulk sample was carried out by a combination of chromatographic (GC) and spectroscopic techniques (MS, 13 C NMR); -Then, 36 oil samples isolated from aerial parts of wild P. mauritanica collected in three locations (Location I = Aïn Ouarka 1, AO1, location II = Aïn Ouarka 2 AO2, and location III = Aïn Sefra AS, were analyzed to determine if the Algerian plant produces a homogeneous essential oil or to evidence chemical variability. Plants were collected in May (18 samples, 6 per location, FF-AO1-M, FF-AO2-M and FF-AS-M), and in November (18 samples, 6 per location, FF-AO1-N, FF-AO2-N, and FF-AS-N); -In parallel, the composition of various oil samples isolated from plants harvested at the beginning, full and end of flowering was investigated, as well as the composition of oil samples isolated from leaves and flowers independently; -Finally, the antimicrobial effect of the essential oil of this plant isolated from aerial parts harvested at full flowering was determined.
Yield of P. mauritanica essential oil:
The yields of essential oil isolated by hydrodistillation, calculated w/w vs. dry material varied drastically from sample to sample (0.35-1.44%) ( Table 1) . Indeed, the yields of EO obtained during the full flowering period of November (0.60-0.85%, mean = 0.77% ± 0.09, location I; 0.70-1.00%, mean = 0.80% ± 0.13, location II; 1.01-1.44%, mean = NPC Natural Product Communications 2016 Vol. 11 No. 1 109 -112 1 .17% ± 0.20, location III) were substantially higher than those of May (0.40-0.50%, mean = 0.46% ± 0.05, location I; 0.45-0.80%, mean = 0.65% ± 0.12, location II; 0.35-0.50%, mean = 0.45% ± 0.06, location III).
The highest yields were observed for plants collected in Aïn Sefra (November). They reached approximately 1.5 times the yields of plants collected in Aïn Ouarka. The yield of essential oil isolated from plants harvested before (0.30-0.85%) and at the end of the flowering period (0.18-0.70%) were lower than that obtained during the full flowering period. Table 1 : Yields of P. mauritanica essential oil (aerial parts). In order to characterize the essential oil of Western Algerian P. mauritanica, 36 oil samples were isolated from plants harvested in locations I, II and III. All samples were analyzed by GC(RI) and some of them by 13 C NMR. The contents of the four main components are reported in Table 3 . The chemical compositions of the 36 oil samples were qualitatively similar, strongly dominated by carvotanacetone (89.2-96.1%). Concerning the content of this ketone there were very slight differences between May and November flowering periods, as well as between the three locations.
A quantitative chemical variability was observed for the components present in appreciable amounts, which were βeudesmol (0.0-3.2%), (E)-nerolidol (0.0-1.8%) and linalool (tr-1.5%). It could be pointed out that the sesquiterpenols β-eudesmol and (E)-nerolidol were either absent or present at very low level in the Aïn Sefra (AS) location. Finally, no noticeable difference was observed in the composition of essential oils isolated from plants harvested before, during and at the end of full flowering, as well as in flower oil vs leaf oil. It could be mentioned that the leaf oil contained more sesquiterpenols, (E)-nerolidol and β-eudesmol, than the flower oil.
It is noticeable that the P. mauritanica essential oil is dextrorotatory. The measured [] D 20 (EtOH) ranged between +47 and +63° (five samples). The occurrence of (+)-carvotanacetone has already been mentioned for P. undulata EO, although no experiment was reported for its measurement [5a] . In contrast, (R)(-)-carvotanacetone with an [α] D 23 = -55° was obtained by selective hydrogenation of the non-conjugated double bond of (R)(-)-carvone [16] .
Antimicrobial activity:
The antimicrobial activity of the essential oil of P. mauritanica was assayed against 11 bacteria, a yeast and four filamentous fungi, using the agar disc diffusion method and direct contact ( Table 4 ). The agar diffusion method showed that the oil was active against K. pneumoniae, P. mirabilis, C. freundii, E. cloacae, S. aureus, L. monocytogenes, S. pneumoniae and C. albicans with diameters of inhibition ranging from 14.6 to 24.3 mm. In contrast, P. aeruginosa, S. typhimurium, E. faecalis and E. coli were less sensitive with diameters of inhibition of 10-11 mm.
However, MICs values for bacterial strains ranged between 2 and 4 µL/mL, the lowest MICs values being measured for C. freundii, S. aureus and E. cloacae. Additionally, the essential oil of Pulicaria mauritanica essential oil Natural Product Communications Vol. 11 (1) 2016 111 In conclusion, the essential oil isolated from aerial parts of P. mauritanica harvested in Western Algeria exhibited a homogeneous composition strongly dominated by carvotanacetone. In contrast, the essential oil yields varied drastically from sample to sample. The observed antimicrobial activity against bacteria, yeast and filamentous fungi, could explain why the plant is used in Algerian folk medicine. 
Experimental

Plant material and essential oil extraction: Aerial parts of
GC (FID), GC-MS and 13 C NMR analysis:
Analyses were carried out as previously reported [17] .
Identification of individual components:
Identification of the components by GC(RI), GC-MS and 13 C NMR was performed as previously reported [17] . Carvotanacetone was identified by comparison of its 13 C NMR chemical shifts with those reported in the literature [16] .
Optical rotation:
[] D 20 (EtOH) was measured with a Disk Polarimeter (PI), Type WXG-4 (diluted solution: 1/15).
Antimicrobial activity
Microbial strains: Antimicrobial activity of the essential oil of the aerial parts was evaluated against four Gram-positive bacteria (S. aureus ATCC 25923, E. faecalis ATCC 29212, St. pneumoniae ATCC 6303, and L. monocytogenes ATCC 15313), seven Gramnegative bacteria (E. coli ATCC 25922, P. aeruginosa ATCC 27853, K. pneumoniae ATCC 700603, E. cloacae ATCC 13047, P. mirabilis ATCC 35659, S. typhimurium ATCC 13311, C. freundii ATCC 8090), one yeast (C. albicans ATCC 26790) and four filamentous fungi (C. herbarum MNHN 3369, F. oxysporum MNHN 963917, A. alternata MNHN 843390, A. flavus MNHN 994294).
Antimicrobial activity:
The screening for antibacterial activity, determination of minimum inhibitory concentration (MIC) [18] , and antifungal activity was carried out as previously reported [19] .
